Genetic characterization refers to variation detection using genetic markers. In this study, 28 simple sequence repeat (SSR) markers were used to characterize five selected Sarawak rice cultivars, namely Bali1, Bali2, Bali3, Bubok, and Mamut. An analysis based on these 28 polymorphic SSR markers revealed that the number of alleles ranged from 2 (RM312, RM510, and RM536) to 9 (RM307) with an average of 3.86. The polymorphism information content (PIC) values ranged from 0.0175 (RM489) to 0.8174 (RM19) with an average of 0.5179. A dendogram constructed on the basis of the genetic similarity to Nei's 1983 genetic distance showed a high similarity between Bali2 and Bali3, which was further supported by a principal coordinate analysis (PCoA). The population structure analysis illustrated the log likelihood peaking at K = 2, indicating that the entire population could be divided into two distinct groups. To develop an SSR fingerprinting panel, 10 SSR markers were selected on the basis of a high PIC value. As this panel provides a better discrimination power in cultivar identification, it could be an efficient and effective tool in cultivar identification, particularly for these selected Sarawak varieties, thus helping breeders to protect their intellectual property rights (IPR). Moreover, the markers could be used to evaluate the seed purity of the selected rice cultivars.
Introduction
As rice is one of the main staples and a strategic industry in Malaysia, its production is given the utmost attention by the Malaysian government. The rice industry contributes to economic growth and poverty alleviation socially, economically, and politically; therefore, the availability and the supply of rice are critical for national food security. Malaysia's rice industry production increased at a rate of 1.47% per annum from 2000 to 2013, rising from 2.14 to 2.63 metric tons over this period. While the areas of paddy fields declined from 698702 hectares in 1993 to 688207 hectares in 2013, a steady improvement of the average annual yield from 3.064 tons/hectare to 3.820 tons/hectare was attained between 2000 and 2013. Similarly, boosting the growth rate by 0.26% per annum between 2000 and 2013, Malaysia's production of rice for its own needs improved from 70% to 73.5%, while the total consumption increased as a consequence of the exponential population growth, prompting a considerable increase in rice import between 2000 and 2013 from 596200 tons to 876100 tons (Rosnani, 2015) .
To prolong the supply of the national staple food, the Malaysian government has taken proactive measures to improve the rice industry. Entry Point Projects 11 (EPP11) under the National Key Economic Area for the agricultural sector has been implemented to establish large-scale rice cultivation in the non-granary areas. The primary aim of EPP11 is to improve productivity, pest and disease resistance, and drought tolerance of the five Sarawak traditional rice cultivars (Bali1, Bali2, Bali3, Bubok, and Mamut), which were selected because of their distinctive characteristics in terms of aroma, color, and tolerance to drought, hence the need to genetically characterize these five Sarawak traditional rice cultivars. Although cultivar identification based on phenotypic traits is still essential for appropriate cultivar identification, identification only on the basis of morphological traits is inaccurate and inconsistent because of the effects of the environmental and phonological factors, and is often restricted by a number of discriminating traits (Arif et al., 2010a) . Therefore, molecular markers are more dependable than morphological markers. Molecular markers include SSR or microsatellites: a short repetition of 1-to 6-nucleotide-long or base pair (bp) sequences that exhibit high allelic variations at a given locus (Tautz, 1989; Temnykh et al., 2000) . Microsatellites are codominant genetic markers. As reported previously, the positions of the markers mapped in the rice genome displayed a high level of polymorphisms as compared to other plants (Temnykh et al., 2000; Garcia et al., 2004) . In the genetic research on rice, microsatellites have been widely utilized because they are multiallelic, enabling the detection and analysis of high levels of allelic diversity (Thomson et al., 2007; Zhao et al., 2009 ). Many studies on rice fingerprinting have been conducted, including the studies by Singh et al. (1999) and Chakravarthi and Naravaneni (2006) .
In this study, we used 28 SSR markers to characterize five selected Sarawak rice cultivars: Bali1, Bali2, Bali3, Bubok, and Mamut. Ultimately, efficient conservation and research management could be achieved by discerning their genetic diversity and population stratification. Finally, to improve cultivar identification and management, we developed an SSR marker panel for fingerprinting the rice cultivars, which could be used for IPR protection. The developed SSR fingerprinting panel could also be used to evaluate the seed purity of the selected cultivars to sustain rice productivity in Malaysia.
Materials and method

Plant materials
The seeds of rice cultivars were collected from Sri Aman, Sarawak. The seeds were planted and self-pollinated for two seasons at the Malaysian Agricultural Research and Development Institute station in Seberang Perai for uniformity purposes. The seeds of Bali1, Bali2, Bali3, Mamut, and Bubok were germinated for two weeks. Leaf samples from 23 individual plants were collected from each cultivar. The morphological characteristics of these plants are summarized in Table 1 .
DNA extraction
DNA was extracted using a method described by Mace et al. (2003) with some modifications (in terms of the grinding and the incubation time). Approximately 1 g of the leaf samples was ground using Tissue Lyser (Qiagen, Netherlands) before being incubated at 65EC for 1 h in 600 μl of CTAB extraction buffer (2% CTAB, pH 8, 100 mM Tris-HCl, 20 mM EDTA, 1.4 M NaCl, 0.05% β-mercaptoethanol). The DNA was precipitated in an equal volume of cold isopropanol before being washed twice with 70% ethanol. The DNA pellet was air-dried and re-suspended in 50 μl of TE-RNase buffer. The DNA concentration was measured using Thermo Labsystems Fluoroskan Ascent TM (Thermo Scientific, USA), and a 0.8% agarose gel was used to assess the DNA integrity.
SSR selection and genotyping
The markers for the SSR panel were selected from GRAMENE (http://archive.gramene.org/markers/), consisting of 50 SSR markers evenly distributed throughout the 12 rice chromosomes. Detailed information regarding these selected markers is given in Table 2 . Each marker was concatenated with a M13 sequence at its forward primers as described by Schuelke (2000) . The PCR was performed in 10 μl reaction mixtures containing 10 × Invitrogen PCR Buffer, 2.5 mM MgCl 2 , 1 μl genomic DNA, 2 μM dNTPs, 10 μM of each primer pair, and 1 U of Taq polymerase (Invitrogen, California). The amplification was performed using the Applied Biosystem GeneAmp (Thermo Fischer Scientific, California). The PCR profile was set with an initial denaturation at 95EC for 2 min followed by 35 cycles of 1) denaturation for 30 s at 94EC, 2) annealing for 30 s at 45-64EC, and 3) elongation for 45 s at 70EC. The reaction was terminated with a final elongation at 70EC for 5 min. Then, the PCR products were analyzed using an ABI3730xl DNA Analyzer capillary array (Thermo Fischer Scientific, California) and GeneScan TM 500 LIZ (Applied Biosystems, CA) as the DNA ladder.
Scoring and data analyses
The output files from ABI3730 DNA Analyzer were analyzed using GeneMapper5.0 (Applied Biosystems). GS500LIZ was used as a standard ladder. The allele peaks in the electropherograms were scored and analyzed as suggested by Arif et al. (2010b) . The scored peaks were then imported into Microsoft Excel and formatted using the appropriate data input files. POWER-MARKER (Liu and Muse, 2005) was used to calculate the allele number, heterozygosities, PIC value, and Nei's 1983 genetic distance. Then, Nei's 1983 genetic distance was used as an input to generate UPGMA dendograms using MEGA7 (Kumar et al., 2016) . The Principal coordinate analysis (PCoA) and the F ST values were calculated and analyzed using GenAlEx 6.501 (Peakall and Smouse, 2006) . Structure 2.3.4 (Pritchard et al., 2000; Falush et al., 2003) was used to investigate the population structure of these selected cultivars on the basis of the Bayesian clustering model. To determine the exact K value, the range of K was set from 1 to 5; the run length was set with 100000 generations as burn-in, and followed by 100000 Markov-Chain Monte Carlo (MCMC) replicates. The true number of populations was predicted using two approaches: nonparametric test by comparing LnP(D) for each value of K as described by Pritchard et al. (2000) , and calculation of
as described by Evanno et al. (2005) .
Results and discussions
Microsatellite characterization
SSR markers proved to be reliable markers for the genetic study of a species, particularly for cultivar identification. After testing 50 SSR markers, we obtained 28 polymorphic markers; the remaining were monomorphic, were difficult to optimize, produced an unspecific peak pattern, or were unsuccessful at amplifying more than 80% of the samples. The average number of alleles per locus, ranging from 2 (RM312, RM510, and RM536) to 9 (RM307), was 3.86. The low number of alleles was expected as only five cultivars (Bali1, Bali2, Bali3, Bubok, and Mamut) were evaluated in this study. Fourteen SSR markers (50.0%) from the total of 28 amplified three alleles. Next, the PIC value was applied to evaluate the degree of information of each polymorphism in the studied cultivars. The PIC value ranged from 0.0175 (RM489) to 0.8174 (RM19) with an average of 0.5179. Botstein et al. (1980) categorized the PIC value for codominant markers into three categories: highly informative (PIC > 0.5), reasonably informative (0.5 > PIC > 0.25), and slightly informative (PIC < 0.25). These categories determined that from the 28 SSR markers giving positive results in this study, 14 (50%) were classified as highly informative, 13 (46.4%) were reasonably informative, and only one (3.6%) was slightly informative. As proposed by Botstein et al. (1980) , the sites having a PIC value of close to 1.0 and producing many alleles are the most desirable. The heterozygosities and genetic diversity ranged from 0.2087 to 0.9912 and from 0.0176 to 0.8381 with an average of 0.2210 and 0.4874, respectively. The low value of heterozygosity and gene diversity suggested that the studied cultivars were not diverse. Moreover, the low number of cultivars studied contributed to the low values of heterozygosity and diversity. The characterization of the 28 SSR markers is summarized in Table 3 .
Genotype characterization and population analyses
A dendogram (Fig. 1 ) generated on the basis of Nei's 1983 genetic distance (Table 4) showed that the culti- vars could be grouped into two major groups, A and B. Group A consisted of Bali1, Bali2, and Bali3, while group B consisted of Bubok and Mamut. The pairwise genetic distance value also showed the lowest genetic distance between Bali2 and Bali3 with a value of 0.1271, suggesting a high allelic similarity between these two cultivars. Despite a high similarity between the cultivars, the SSR marker could differentiate between the two cultivars (Table 4) . Morphologically, these two cultivars also showed a high similarity in agronomic traits; however, a morphology-based identification might be difficult to conduct and requires a considerable amount of time as the plant must be matured before the identification. The analysis also showed the highest genetic distance between Mamut and Bali2 with a value of 0.9561 even though both of them are colored rice. The results of the PCoA analysis (Fig. 2) supported the dendogram analysis in that the selected cultivars were clustered in two major groups. It also showed a high correlation between Bali2 and Bali3 (Fig. 2) . The population structure among the cultivars was assessed with the Bayesian approach using the STRUC-TURE software. The log-likelihood values obtained from the STRUCTURE analysis showed that the exact number of K was 2, indicating that all the individuals could be grouped into two genotype groups (Fig. 3) . The diagram presented in Figure 4 shows that all the Bali variants were grouped together. According to the Wright (Table 5) . This result suggested a high gene flow between cultivars Bali1 and Mamut. The calculated F ST also suggested that the analysis using the 28 polymorphic SSR markers could successfully differentiate the five tested cultivars.
Development of SSR fingerprinting panel
The purpose of developing an SSR fingerprinting panel was to provide an effective and efficient approach to cultivar identification at minimal cost. To determine the best SSR combinations for the panel development, the SSR markers were ordered according to their PIC value, and then, markers having a value of more than 0.6 were selected for the development of the SSR fingerprinting panel. In all, 10 SSR markers (RM1, RM19, RM55, RM125, RM154, RM215, RM307, RM319, RM484, and RM552) had a PIC value of more than 0.6 with RM19 having the highest PIC value of 0.8174. The genetic distance analysis using this set of markers proved that this panel had more discrimination power than the analysis using 28 polymorphic SSR markers. Using 28 SSR markers, we found that the pairwise genetic distance for Bali2 and Bali3 was 0.1271, but using the developed panel, we obtained the pairwise genetic distance of 0.2500 for Bali2 and Bali3 (Table 6 ). Hence, this panel provided a better means for the cultivar identification of the selected Sarawak cultivars than the use of the 28 SSR markers. Moreover, it minimized the required cost and time. There have been reports of DNA fingerprinting in rice using SSR markers (Sarao et al., 2010; Zhu et al., 2012) , but the set of plant material or cultivars was definitely different from that used in the present study. SSR markers have become the markers of choice because of their highly polymorphic, reproducible, multi-allelic, and co-dominant molecular marker characteristics (Miah et al., 2013; Vieira et al., 2016) . These traits have enabled the use of SSR markers for the identification of very similar rice varieties.
Conclusions
An SSR fingerprinting panel for high-similarity rice varieties, which are very difficult to identify using morphological characteristics, was developed. This panel provided a better approach to rice cultivar identification as the identification process could be carried out even when the plant was in the seedling stage, than the morphology-based identification where the plant needs to be matured before its identification. Therefore, we believe that the developed SSR fingerprinting panel, which consists of high-PIC-value SSR markers, is the best approach to the identification of closely related cultivars and the evaluation of seed purity.
